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By Clayton F. Bane W6WB 


Let it be said at the outset that the "L" network is 
one of the most flexible and adaptable of the entire 
RF impedance matching network series. In its favor 
is the fact that the L network will have lower losses 
in a particular application than will the much more 
familar "pi" type. For these and other reasons, the 
subject has been deemed of sufficient importance to 
warrant a full-length presentation. To this end, the 
bosses Elvin and Mario have relinquished their inter- 
ior ad page so that the writer could present all possi- 
ble information in the space available. Now to the 
subject proper. 


The "L" network looks symbolically like an inverted 
letter "L"and includes two reactive elements, one in 
the series arm, the other in the parallel arm. See Fig.1. 


It is important to note that the network arms are spe- 
cified in terms of reactance rather than in inductance 
and capacity. This makes possible network design 
formulas that are independent of frequency. A given 
network with a certain impedance transforming ratio 
can therefore be operated at any frequency by con- 
verting the inductive and capacitive reactances into 
their equivalent L and C values. 


HOW IT OPERATES: L networks depend for their 
operation upon a well-known electrical rule, namely: 
that each combination of a resistance and reactance 
in parallel has an exact equivalent consisting of a 
resistance and reactance in series. This rule is ap- 
plied practically inthe following manner: Two resist- 
-ance, (impedances) are always known, the load you 
have and the load that is to be matched. Obviously, 
one of these resistance is always higher than the 
other. The two known resistances are utilized in a. 
formula to determine the value of reactance which 
must be placed in parallel with the highest of the two 
so that the equivalent series circuit contains the low- 
est resistance term. A second simple formula gives 
the required value of reactance for the equivalent 
series circuit. The design parameters of L networks 
are such that operation is on an "all or nothing 
basis". That is, the assumption is made that the gen- 
erator, (a vacuum tube for example) is to work into 
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a load equal to its own resistance: Under these con- 
ditions maximum power transfer, (full coupling) will 
result when the network is properly tuned. Coupling 
can becontrolled with a pi network but not withan L. 


While it is possible to achieve an exact impedance 
match, (at one frequency) with the L network, the out 
put will never be a pure resistance if reactances in 
both parallel and series arms have the same sign. 
(ice. are both inductors or capacitors.) In practice 
the network is made resistive by using an inductor in 
one arm, a capacitor in the other. 


Since it is the purpose of this paper to provide infor- 
mation that can be applied quickly and practically, 
mathematical manipulation has not been given. The 
accompanying charts should be adequate for the great 
majority of amateur applications where L networks 
can be utilized. Basic formulas are given for those 
who prefer to "Roll their own". The formulas do show 
certain important information however which is inter- 
preted for the non-mathematical reader as follows: 


(1)- The parallel reactance always connects across 
the higher of the two impedances involved. 


(2)- The value of this shunting reactance, (1) depends 
upon the arithmatical value of the impedance across 
which it is connected. This is to say that, regardless 
of the impedance ratios involved in the network, when 
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the impedance is high, the value of X will be greater 
than when the impedance is low. Since the shunting 
reactance will be a capacitor in most cases, it is im- 
portant to observe that the lower the reactance, the 
larger the capacity. Take for example, two networks 
each with a 10:1 impedance ratio: "A" matches 1000 
to 100 ohms, "B” matches 100 to 10 ohms. The form- 
ula shows that the necessary shunting reactance for 
"A" will be substantially higher thanthat required for 
"B". In terms of capacity, "A" shunting capacitor will 
be much smaller than the capacitor in "B”. 


(3)- The "L" network is a two-way device ... it may 
be used to transform impedances up or down, provided 
only that (1) is observed. Practically, a 10 ohm beam 
may be matched to a 50 ohm line or a 50 ohm line to 
a 1500 ohm antenna base impedance. 


ADVANTAGES. . .USES: L networks can be designed 
to match virtually any twodiffering impedances. While 
not strictly pertinent to this discussion, it should be 
stated that whether or not a network, (L or otherwise) 
is used ina particular circuit will depend to a great 
extend upon the loss present under the existing mis- 
matched condition. To clarify, both pi and L networks 
utilize inductors, even the best of which must have 
some loss. It follows then that if the gain due to per- 
fect match is a matter of a fraction of a db, there 
would seem to be little point in using a network that 
might, (due to inductor losses) introduce an equiva- 
lent or even greater loss. 


The Lnetwork does offer distinct advantages in many 
applications where the loads to be matched are not 
pure resistances but contain a small reactive term. 
(For example, a ground plane antenna that is not ex- 
actly resonant at the desired operating frequency.) In 
such cases, the L can affect an exact impedance 
match and bring the VSWR on the line to unity by can- 
celling out the reactance existing at the antenna feed 
point. This is accomplished by increasing or decreas- 
ing the value of the network reactive arms. Practical- 
ly speaking, an antenna that appears capacitive re- 
active will cancel some of the inductance in the 
series arm of the network thereby requiring a larger 
value of inductance in order to reestablish correct 
network tuning. The opposite is also true. An antenna 
that appears inductive reactive will require a smaller 
value of inductance in the series arm of the network. 
All things being equal, an L network will always 
have less loss than a "pi" or "T" type network. 


This type of network is therefore preferable forall im- 
pedance matching applications other than fromvacuum 


tube to load. It is undesirable in the latter applica- 
tion since full power is always drawn from the tube. 


L networks are of particular advantage where multi- 
band operationof a single vertical antenna is contem- 
plated. An exact match, (at a single frequency) to a 
52 ohm coax line can be achieved regardless of 
whether the antenna base impedance is higher or 
lower than that of the coax line. 


LIMITATIONS: There are certain sets of operating 
conditions, (particularly evident on the HF bands, 
i.e., 10, 6, 2 meters) where an L network is imprac- 
tical in the sense that the necessary values of re- 
actance cannot be achieved. In this regard, the in- 
ductance is generally the troublesome element since 
in some instances it may become vanishingly small. 
A typical example: Match a 10 ohm beam to a 50 ohm 
line at 10 meters. The calculations show the parallel 
capacitor to be 227 micromicrofarads, the inductance 
to be .11 microhenries. If this low value of inductance 
is to be obtained at all it will probably be in the form 
of a hairpin rather than of a conventional multi-turn 
coil. Another consideration, is that the leads neces- 
sary to connect the network to the driven element of 
the beam may, in themselves, have more than the re- 
quired inductance. Since it isnormally considered ad- 
visable to provide balanced feed to a beam, the net- 
work should operate in conjunction with a balun and 
should therefore bea balanced, rather than a one-side 
grounded type. This means that one-half of the total 
calculated inductance must appear in each series 

arm, twice the calculated capacity in each shunt arm 
with the mid-point connected to ground. The absurdity 
of attémpting to make an already too-small inductor 

smaller yet is quite apparent. 


TUNING AN "L" NETWORK: Since these networks 
are virtually always operated in conjunction with a 
transmission line, proof of proper network tuning can 
be best determined by checking the standing wave 
ratioon the line. As stated, an L network canachieve 
a perfect match, (unity standing wave ratio) at a given 
frequency, assuming that the network constants can 
compensate for reactance present in the load. An L 
network cannot be tuned by observing amplifier load- 
ing as the network constants are changed! 


Note that both L and C must be varied in order to 
establish correct network tuning. In practice, an ar- 
bitrary setting of L and C will yield some value of 
SWR. L should then be changed and C rotated through 
its range watching the SWR for a downward trend. UI- 
timately, the inductance value will be such that the 
SWR will drop to unity at some capacitor setting. 


A {/ 


(This assumes that the capacitor has a sufficient 
maximum value.) Reactance present in the load may 


cause both inductance and capacity to vary markedly 
from values determined by formula. In summary, don't 
try to tune an L network by amplifier loading or by 
"S" meter reading where the network is to match a 
line to the receiver input. Use a standing wave 
bridge and a low-power source of bridge excitation. 
A fraction of a watt won't hurt the RF coils in your 
receiver. In the latter case, do make certain that your 
SWR is always brought to its lowest value by adjust- 
ment of the RF antenna trimmer since the receiver in- 
put should present a resistive load to the network. 


In applications where the network is called upon to 
matcha line to thedriven element of a paristic beam, 
consideration must be given to the possibility that 
the network will be seeing both resistance and re- 
actance. Unity SWR can still be achieved but the 
network constants will depart from those determined 
by formula. L and C can become larger or smaller 
than the design values depending upon the magnitude 
and sign of the reactance present in the driven ele- 
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ment of the beam antenna. 


In one practical instance, a calculated and subse- 
quently measured 5 turn series inductor required 7 
turns to produce unity SWR when installed in the 
network to match a 52 ohm line to the driven element 
of a 3 element 20 meter beam. The shunting variable 
capacitor also required some readjustment. It is thus 
apparent that bothL and C should have plus or minus 
adjustment leeway in all cases where a line is to be 
matched to an antenna by a L network. 


Analysis of network branch currents indicates that the 
current through the series reactance will be higher 
than that through the parallel reactance. The differ- 
ence is fairly marked at low impedance ratios, less 
so at high ratios. Network losses for certain imped- 
ance ratios can therefore be decreased somewhat by 
using an inductor in the parallel arm, a capacitor in 
the series arm. At high impedance ratios, Xi and Xc 
are virtually equal, i.e. the combination is near reson- 
ance. L can therefore be determined readily by con- 
ventional grid dip methods when C is known. 
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R=OHMS, X=OHMS, C=uuf, L=uh, f=MEGACYCLES 


for 3.5mcs =multiply L and C by 4 
for 7mcs=multiply L andT by 2 
for 21 mcs=divide L and C by 1.5 
for 28 mcs=divide L and C by 2 
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Xohms 
Luh= 6.28xfmes 
ae highest of the two impedances 
R,=lowest of the two impedances 
X, = reactance of shunt arm 


X. =reactance of series arm 
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Net 99.00 


SIZE: 13-3/4" long, Bell diam. 8-1/4". 

WEIGHT: 5-1/2 pounds 

AUDIO OUTPUT: 3 watts. (measured at speaker.) 
ACOUSTIC OUTPUT: 112 db, (measured at 5 feet.) 
BATTERIES: 3-No.935"A", 3-No.457"B", 1-No.411"C". 
BATTERY LIFE: 5000 - 10 second messages. 
AMPLIFIER: 3 stage push-pull. 


JOHNSON VIKING - FOR C-D 


A deluxe version of the well known Viking 11, the 
Viking 11-CD transmitter features push-to-talk oper- 
ation, modulation limiting and extended frequency 
coverage for Civil Defense. 

This transmitter has been approved for C-D use as 
listed in Issue No.1] "Certified Radio Equipment" and 
qualifies for the matching funds program. Contact Elmar 


The complete VHF station in a conveniently portable form.Built 
in dual power supply for 6V DC or 115 AC.Xtl controlled trans- 
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mitter,(VFO available). Tunable receiver covers 144 to 148.3 
for C-D and CAP applications. Has "Cascode", RF, three 


stages |.F., famous Gonset noise limiter and squelch, 


HALLICRAFTERS (deluxe models only). Audio stages arranged for use as 
RECEIVERS emergency public address system. 


suitable for C-D service. 
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